We carried out near-to mid-infrared imaging and spectroscopic observations of patchy areas in the Small Magellanic Cloud using the Infrared Camera aboard AKARI. Two 100 arcmin 2 areas were imaged in 3.2, 4.1, 7, 11, 15, and 24 m, and also spectroscopically observed in the wavelength range continuously from 2.5 to 13.4 m. The spectral resolving power, =Δ , values were about 20, 50, and 50 at 3.5, 6.6, and 10.6 m, respectively. Other than the two 100 arcmin 2 areas, some patchy areas were imaged and/or spectroscopically observed as well. In this paper, we overview the observations and present a list of near-to mid-infrared photometric results, which lists 12000 near-infrared and 1800 mid-infrared bright point sources detected in the observed areas. The 10 limits are 16.50, 16.12, 13.28, 11.26, 9.62, and 8.76 in Vega magnitudes at 3.2, 4.1, 7, 11, 15, and 24 m bands, respectively.
Introduction
The Small Magellanic Cloud (SMC) is among the nearest neighbor galaxies of the Milky Way, along with its companion, the Large Magellanic Cloud (LMC). It is well known that some physical properties of the SMC are different from those of the Milky Way: Its mean metallicity is lower ( 1=10) than that of the solar vicinity (e.g., Dufour et al. 1982; Dufour 1984; Westerlund 1997 and references therein), its average dust to gas mass ratio is significantly lower than that in the Milky Way. The actual value remains largely uncertain, ranging from 1=5 (Gordon et al. 2003) to 1=30 of the galactic value, and its interstellar UV radiation field is stronger than that in the Milky Way (Dickey et al. 2000) . Therefore, we can study environmental effects on various aspects of astrophysical processes if we observe celestial objects in the Large and Small Magellanic Clouds (MCs) and Milky Way, and compare the results.
The MCs have been extensively surveyed by various types of instruments at a wide variety of wavelengths (from X-rays to Radio). Especially, in terms of mid-infrared observational data of the MCs, there have been drastic advancements recently. Bolatto et al. (2007) observed the main part of the SMC with the Spitzer Space Telescope (SST), and provided a photometric catalog of 4 10 5 near-to far-infrared point sources. A more extensive survey toward the SMC using the SST was then carried out by Gordon and SAGE-SMC Spitzer Legacy Team (2010) , and they delivered a comprehensive point-source catalog that lists 1.2 10 6 sources. Meanwhile, Meixner et al. (2006) and Ita et al. (2008) observed a large part of the LMC in near-to far-infrared wavebands using the SST and AKARI satellite, respectively. These results are significant leaps from the IRAS (Israel & Schwering 1986) and MSX (Egan et al. 2003 ) data, regarding the sensitivity and spatial resolving power.
We made imaging and spectroscopic observations of the central part of the SMC using the Infrared Camera (IRC: Onaka et al. 2007 ) on board AKARI (Murakami et al. 2007 ). This is a part of the AKARI Open Time Program, "The role of pulsation in mass loss along the Asymptotic Giant Branch (PI. Y. Ita)". This program was arranged to obtain photometric data of the complete spectral energy distribution from near-to midinfrared wavelengths, and also spectra in the same wavelength range for a statistically significant number of variable stars of various types. Ita et al. (2002 Ita et al. ( , 2004 have been conducting a near-infrared (J , H , and K s ) monitoring survey in the MCs since 2000. See the references for an outline of the monitoring survey and its initial results. This monitoring observation showed that significant fractions of red giants are variable stars of a wide variety of types pulsating in diverse pulsation modes. A primary goal of the program is to study how the mass loss depends on the overall characteristics of a variable star, for instance its time-averaged absolute luminosity or its mass, its pulsation period, amplitude, dominant pulsation mode, and its surface chemistry.
In this paper we outline our AKARI IRC observations in the SMC, and present near-to mid-infrared point source lists. We concentrate on the imaging data, and make general analyses using the point-source lists. We consider infrared color-magnitude diagrams and spectral energy distributions to identify several types of interesting objects. This paper is a companion piece to the AKARI IRC imaging/spectroscopic survey of the LMC (PI. T. Onaka; see Ita et al. 2008 for survey descriptions), and the results obtained here can be directly compared with those obtained in the LMC survey. Analyses and discussions on the spectroscopic data will be made in a separate paper. Also, the relevance between the pulsation characteristics and the mass loss from red giants will be described elsewhere, and is not discussed in this paper.
Observations
We obtained near-to mid-infrared imaging and spectroscopic data for selected areas in the SMC using the IRC aboard AKARI. The observed areas are shown in figure 1, and their central coordinates are listed in table 1. These areas were selected based on results from our near-infrared monitoring survey to ensure that they contain various types of variable red giants of different mass-loss rates.
As described in the IRC data user's manual (R. Lorente et al. 2007) , 1 the IRC is comprised of three independent channels: NIR, MIRS, and MIRL, which cover the 1.8-5.5 m, 4.6-13.4 m, and 12.6-26.5 m wavelength range, respectively. Each of the channels has a field of view of about 10 0 10 0 . There are several types of observing templates for the observations with the IRC. Among them, we used the IRC AOT02 observing template with the nominal option. With this configuration, a pointed observation will yield imaging data at 3.2 (N3), 4.1 (N4), 7.0 (S7), 11.0 (S11), 15.0 (L15), and 24.0 m (L24, the acronyms standing for the IRC bands are in parentheses, and will be used hereafter) of at least three dithered sky positions, suitable to cover a wide range of the spectral energy distribution (SED) of a celestial body. We have to note that due to the layout of the IRC's three channels, the center of the MIRL (L15 and L24) channel is slightly ( 15 0 ) offset from that of the NIR (N3 and N4) and MIRS (S7 and S11) channels. Therefore, two pointed observations are necessary to obtain a complete imaging dataset (i.e., to get imaging data in all IRC bands mentioned above) for a 10 0 10 0 area. IRC observations produce short-and long-exposure data together. The long-to-short exposure time ratios in each channel are 9.5, 28, and 28 for NIR, MIRS, and MIRL, respectively. We can enhances the dynamic range by combining photometric results of the two different exposure-time data. In the present work, we used both long-and short-exposure data, as described in the next section.
In addition, for some of the areas, we used IRC AOT04 observing template to obtain near-to mid-infrared (continuously from 2.5 to 13.4 m) low-resolution spectra for all bright sources present in the field of views. The spectral resolving powers ( =Δ ) were about 20, 50, and 50 at 3.5, 6.6, and 10.6 m, respectively (Ohyama et al. 2007 ). We will describe the spectroscopic observations in a separate paper.
The observations were planned to be carried out in two separate seasons, one from late April to early May of 2007, and the other in early November of 2007. The latter part of the observations was canceled because AKARI ran out of its on-board supply of cryogen, liquid helium on 2007 August 26. As a result, eight and five pointed observations were carried out for imaging and spectroscopic observations, respectively. Unfortunately, imaging observation data was Each area is about 10 0 10 0 wide. The "o/x" indicates that photometric or spectroscopic data for the corresponding area is "available/unavailable". Spectroscopic observation (from 2.5 to 13.4 m).
lost because of a downlink problem. The remaining pointed observational data yield a complete dataset (i.e., imaging data in 3.2 to 24 m and also spectroscopic data from 2.5 to 13.4 m) for two 100 arcmin 2 areas and incomplete dataset (with NIR&MIRS but without MIRL, or vice versa) for five 100 arcmin 2 areas. Table 1 summarizes the datasets available for each observed position.
Data Reduction and Compilation of the Point Source List

Photometry
Raw imaging data are processed with the IRC imaging toolkit, version 20071017 (see IRC Data User's Manual 1 for details). Remember that the adopted AKARI IRC observing templates produce at least three images taken at different sky positions for each filter. The toolkit aligns the images and combine them to make a stacked image. We performed photometry on stacked images using the IRAF 2 /DAOPHOT package. We developed a point-spread function (PSF) fitting photometry software, which is similar to the one that the Spitzer GLIMPSE 3 (Benjamin et al. 2003) team uses. Our photometric process involves the following steps:
1. DAOFIND was used to extract point-like sources whose fluxes are more than 2 above the background. 2. Aperture photometry was performed on the extracted sources by using an aperture radius of 10 pixels for N3 and N4 images, and of 7.5 pixels for others. These radii were the same as those used to make absolute photometric calibrations with standard stars (see Tanabé et al. 2008) . Therefore, we do not need to apply aperture corrections. The inner radii of the sky annulus were the same as the aperture radii. We chose the width of the sky annulus to be 10 pixels. 3. The resultant instrumental fluxes were converted into physical units by using the IRC flux calibration constants, version 20071112. The calibrated fluxes were then converted into magnitudes on the IRC-Vega system by using the zero magnitude fluxes listed in Tanabé et al. (2008) . The differences between the instrumental and the calibrated magnitudes were constants. 4. Photometry processes for the S7, S11, L15, and L24 short exposure images stop here. 5. Several isolated (without other sources within 7 pixels) point sources with moderate flux (i.e., with a good signal-to-noise ratio and unsaturated) were selected from the results of step 2. At least 8 such "good" stars were selected in the N3, N4, S7, and S11 images, and more than 5 good stars in the L15 and L24 images. These good stars were used when applying aperture corrections to the PSF fitting photometry results described in the following process. 6. Since the shapes of the PSFs measurably varied from pointing to pointing in the N3 and N4 images, possibly due to jitters in the satellite pointing, the selected good stars in step 5 were used to construct a model PSF for each image. We used DAOPHOT to choose the best fitting function by trying several different types of fitting functions. In the S7, S11, L15, and L24 images, we used grand-PSFs for each band, which were built in advance using data from the LMC survey (Ita et al. 2008 ) and the 47 Tuc observation (Ita et al. 2007 ). These grand-PSFs were made from "good" stars free from diffuse emission, carefully chosen by eye. 7. PSF fitting photometry was performed on the extracted sources in step 1 using ALLSTAR. We let the PSF vary linearly over the image. This PSF fitting operation was iterated three times, in just the same way as the GLIMPSE team does. 8. An aperture correction was applied to the fit magnitudes by comparing them with the aperture magnitudes of good stars, which were selected in step 5. Then, the offset value obtained in step 3 was added to the aperture corrected fit magnitudes to derive calibrated fit magnitudes.
We have to note that photometric errors calculated by the IRAF/DAOPHOT ignore contributions from read-out noises, which are non-negligible in IRC's NIR bands. Therefore, we added read-out noises to the photometric uncertainties.
Those who want to convert magnitudes into janskies, refer to Tanabé et al. (2008) ; the zero-magnitude fluxes for each band are tabulated in table 3 (in p. 277). It should be noted that the IRC absolute flux calibration assumes a spectral energy distribution of f / 1 or f / 1 . One should apply colorcorrections depending on the source spectrum. 
Astrometry
For each of the long exposure images, we calculated the coordinate transform matrix, which relates the image pixel coordinates to the sky coordinates by matching the detected point sources with the Two Micron All Sky Survey (2MASS: Skrutskie et al. 2006) catalog. We used at least five matched point sources for the calculation. We then used the same matrix to the corresponding short exposure image. The root-meansquares of the residuals between the input catalog coordinates and the fitted coordinates were found to be smaller than 0: 00 8, 0: 00 8, and 1: 00 4, for NIR, MIRS, and MIRL images, respectively.
4
The coordinates of the AKARI sources should be accurate to that extent relative to the 2MASS coordinates.
Point Source List and Its Explanation
The above analysis produced four photometric results for an observed area for the N3 and N4 images, corresponding the differences in the photometry method (aperture/fit) and in the exposure time (short/long). Meanwhile, there are three photometric results for an observed area for the S7, S11, L15, and L24 images, because we did not perform fit photometry to their short exposure data. Among these photometric results, we only used results from fit photometry for the N3 and N4 images. For the S7, S11, L15, and L24 images, we used results from fit photometry for long-exposure images, but from aperture photometry for short ones.
To enhance the dynamic range, we merged the photometric results from short and long exposure data using positional tolerances of 3: 00 0 for N3, N4, S7, and S11 images, and 5: 00 0 for L15 and L24 images. If a source was detected in both short and long exposure data, we adopted the one with a better S=N, and discarded the other. The adopted photometry method and exposure time are indicated by flags in the point source list (see below).
Similar to the Spitzer IRAC (Fazio et al. 2004 ) images, the N3 and N4 images suffer from the mux bleed (flux leaks from bright point sources, making false faint point-like sources every 4th pixels along a row in which the bright sources are found) and the column pulldown (reduction in intensity of the columns in which bright sources are found) effect. We did not try to correct these effects. Instead, we just identified and flagged out any suspected victims that were located within belts oḟ 5-pixels wide along the rows/columns where the bright (saturated) sources are found. These effects are not seen in the S7, S11, L15, and L24 images. We also flagged out sources that were located near to the bright sources, using a proximity 4 The pixel field of view of each IRC channel is tabulated in the table 3. radius of 20 pixels for N3 and N4, and of 15 pixels for the others. Furthermore, the S7 and S11 images suffered from notable ghost images of bright sources due to internal reflections in the beam splitter (R. Lorente et al. 2007 ).
1 The positions of ghosts, which depend on the real source positions, were well determined, and we also flagged out any suspected ghosts. Faint ghosts were present, but were not significant in the N3, N4, L15, and L24 images.
Finally 00 0. The numbers in brackets designate the data of the SAGE-SMC catalog, for example, [3.6] indicates the data of the IRAC 3.6 m band. There are two types of SAGE-SMC catalogs. One is the "Catalog", which is a more highly reliable list. The other is the "Archive/Full", which is a more complete list. See an explanatory document, "The SAGE-SMC Data Description", prepared by K. Gordon for more detailed descriptions. We only list sources that have counterparts in the SAGE-SMC Archive/Full catalog. The eliminated sources are likely to be false detections around bright stars and mux bleeds for N3 and N4, and due to false detections in nebulous fields for the S7, S11, L15, and L24. Table 2 gives the first five records of the point-source list for the N3 data as an example. The full version of the list, and lists for other IRC bands are available in the electronic version of this paper. The first two columns show the AKARI coordinates on the J2000 system. The following two columns show photometric results and their uncertainties in Vega magnitudes. The magnitudes on the list are not corrected for the interstellar extinction. The photometric uncertainty includes errors in the magnitude calculated by IRAF corrected for the contributions from read-out noise, in the aperture correction factor, and also in the ADU-to-Jy conversion factor. The next column gives the observing date in UT. The following six columns give the various flags; S0L1 denotes photometry coming either from short (0) or long (1) data, A0F1 denotes the photometry method, 0 for aperture photometry and 1 for fit photometry, SAT is set to 1 if a bright source is in proximity, COL and MUX are set to 1 if the star is located in the column and mux-bleed pulldown belt, and GHO is set to 1 if the star is suspected to be a ghost. The next four columns give the positions and magnitudes of the source found in the closely matched band in the SAGE-SMC Archive/Full catalog.
10 Detection Limits and Completeness
The distributions of the photometric uncertainty versus magnitude in each IRC band are shown in figure 2. The horizontal dashed lines show a signal-to-noise ratio (S=N) of Fig. 3 . Magnitude distribution of the sources in the AKARI/IRC SMC point-source list. The sizes of the bins are 0.2 mag for N3, N4, S7, S11, and 0.5 mag for L15 and L24. The solid lines show the peak of the source count histograms, below which the photometry is incomplete: 16.2, 16.0, 13.6, 13.0, 11.5, and 9.5 mag in N3, N4, S7, S11, L15, and L24, respectively. 10, and the vertical solid lines show the 10 limits, which are defined as the faintest magnitudes at which the 3 clipped mean photometric uncertainties of sources in 0.02 mag bins exceed 0.109 mag. The estimated 10 limits are 16.50, 16.12, 13.28, 11.26, 9.62, and 8.76 mag in N3, N4, S7, S11, L15, and L24, respectively. The magnitude distributions of sources in our point-source lists are shown in figure 3 . The sizes of the bins are 0.1 mag for N3 and N4, 0.2mag for S7, S11, and 0.5 mag for L15 and L24, respectively. The vertical solid lines show the peak magnitudes, below which the photometry is incomplete (only as a rough guide). The peak magnitudes are 16.2, 16.0, 13.6, 13.0, 11.5, and 9.5 mag in N3, N4, S7, S11, L15, and L24, respectively. The 10 limits for point sources and source counts in each IRC band are summarized in table 3, together with the properties of the imaging observations.
General Analysis Using the Photometric List
Cross-Identification with the Existing Catalogs
We cross-identified our point source lists with the following survey catalogs using a positional tolerance of 3: 00 0, and use the results for discussion in the rest of this paper:
The Magellanic Clouds Photometric Survey catalog (Zaritsky et al. 2002) (Cioni et al. 2000) and 2MASS (Skrutskie et al. 2006) catalogs, the IRSF catalog is more than two-mag deeper at the K s band and about fourtimes finer in spatial resolution. The Spitzer SAGE-SMC survey catalog (Gordon & SAGE-SMC Spitzer Legacy Team 2010) : It lists nearto far-infrared photometry of 1.2 10 6 sources in the SMC. Throughout this paper, the numbers in brackets designates the data of the Spitzer catalog, for example, [3.6] indicates the photometry in the 3.6 m band. SMC carbon star catalog (Rebeirot et al. 1993) : It lists 1707 carbon stars, which are identified based on optical grism spectroscopy. Stars that classified as "Doubtful C star" and "spectrophotometry not possible" in the catalog are excluded.
We converted the IRSF system magnitudes into the 2MASS system ones by using conversion equations given in Kato et al. (2007) and Kučinskas et al. (2008) . We preferentially used equations from Kato et al. (2007) , but also used ones in Kučinskas et al. (2008) when necessary. Because the IRSF survey did not detect bright sources (the saturation limit of the survey is about 10 mag at K s band), we used 2MASS magnitudes for bright sources without IRSF measurements. Then, we photometrically selected dusty red-giant candidates with the following conditions: Sources with (J K s ) > 2.0 and K s < 14 mag. We use the term "dusty red giants" here, but a significant fraction of the sources that match these conditions can be dusty carbon stars (see Nikolaev & Weinberg 2000 for example) , which are elusive in the optical spectroscopic survey.
Throughout this paper, the optical (U , B, V , and I ) and near-infrared (J , H , and K s ) photometries have been corrected for interstellar extinction based on relations in Cardelli, Clayton, and Mathis (1989) 0.416, 0.353, 0.278, 0.163, 0.080, 0.050, 0 .033) mag, corresponding to the total mean reddening of E(B V ) = 0.087 mag derived by Udalski et al. (1999) for the OGLE's observing fields in the SMC. No other longer wavelength photometries were corrected for interstellar extinctions, which we assumed to be negligible.
Comparison to the SAGE-SMC Catalog
Although the band profiles of the AKARI IRC and the Spitzer IRAC/MIPS (Fazio et al. 2004a; Rieke et al. 2004) bands are different, a comparison of closely matched bands is useful to test the calibration of the AKARI IRC data. We compared the IRC N3, N4, S7, and L24 photometries in our point-source list with the corresponding 3.6, 4.5, 8.0, and 24 m fluxes of the sources in the SAGE-SMC catalog. Note that both of the IRC and IRAC absolute flux calibrations assume an SED of f / 1 , but the MIPS flux scale assumes a source spectrum of a 10000 K blackbody.
5 Therefore we converted the MIPS scale into IRC/IRAC one by adding 0.043 mag (Bolatto et al. 2007 ) to the MIPS 24 m catalog magnitudes to make direct comparison between the L24 and MIPS 24 m photometries. The distributions of the magnitude differences between the IRC and IRAC/MIPS bands as a function of the corresponding IRC magnitudes are shown in figure 4. The triangles show the mean of the residual magnitudes in the corresponding 1 mag bins, and the error bars show their standard deviation (1 ). Taking account of the differences in the bandpass, the photometric results in SAGE-SMC catalog and our point source list appear to be consistent with each other. Quantitatively, they are in agreement within 13, 6, 6, and 10% in N3 vs. [3.6], N4 vs. [4.5], S7 vs. [8.0] , and L24 vs.
[24] for S=N > 10 sources, respectively.
Color-Magnitude Diagrams
An advantage of studying sources in the SMC is that we can make color-magnitude diagrams (CMD) of its constituent stars, and can estimate their absolute magnitudes simply by subtracting a certain constant (i.e., distance modulus). Recently, Subramanian and Subramaniam (2009) used red-clump stars to estimate the line-of-sight depth of the Magellanic Clouds. They estimated the depth of the central part of the SMC to be as large as about 9 kpc, which corresponds to about 0.3 mag in distance modulus. In this paper, we ignore the line-of-sight depth of the SMC, and assume a constant distance modulus of 18.95 mag to all sources.
Preceding work by Bolatto et al. (2007) used Spitzer data to present infrared color-magnitude diagrams of SMC sources. Here, we add S11 and L15 data, which are unique to the There are really not many differences between the infrared color-magnitude diagrams in the SMC and the LMC (see figure 10 in Ita et al. 2008) , in the sense that red giants, candidates of massive young stellar objects, post-AGBs, and background galaxies are the dominant sources present in the diagram.
Red Objects
To find interesting red objects, we selected sources that are detected in H , and also in at least two wave bands among S11, L15, L24, and [24] . We then further selected sources that satisfy at least one of the following color criteria: (1) H S11 > 3.0, (2) H L15 > 3.0, (3) H L24 > 3.0, (4) H [24] > 3.0. See figure 6 to get a rough idea of the criteria. There are 204 sources that satisfy the above criteria. We show spectral energy distributions (SED) of all the 204 sources in figure 7 . Their fluxes are not color-corrected, due to a lack of information about their incident spectra. Error bars corresponding tȯ 1 in flux densities are shown, and they are usually smaller than the size of the marks. The RA and Dec (J2000) coordinates included in the figure are from our point-source list. The solid lines show the SEDs of stars of MK spectral classes with O9 V, B5 V, A0 V, K0 III, and M0 III. The relevant data were taken from Cox (2000) , and we extrapolated the flux densities longward of the L band ( 3.5 m) by assuming the RayleighJeans law. Hereafter, we call the AKARI sources by their coordinates, such as SMC 12.088339 73.090576.
We then queried the SIMBAD database with a search radius of 3 00 for their identifications. The results are summarized in table 4. Judging from the query results and shapes of the SEDs, there are mainly four types of objects in the sample: (1) dusty AGB stars; (2) emission line stars or early-type stars; (3) candidates of young stellar objects (YSOs) or post-AGB stars or planetary nebulae (PNe); (4) X-ray sources. One thing to note is that the star SMC 13.876909 72.839333 is classified as candidate YSO in SIMBAD, but this star is likely to be a planetary nebula (G. Jacoby 2009, private communication; Stanghellini et al. 2003) 
Dusty AGB stars
Recently, Gruendl et al. (2008) discovered extremely red carbon-rich AGB stars in the LMC, whose SED attains its maximum at around or beyond 10 m. According to Gruendl et al. (2008) (Matsuura et al. 2005; Sloan et al. 2008) , and ultimately to understand the stellar evolution of intermediate-mass stars. Their mass-loss rates and pulsation properties will be discussed in the future, using AKARI's infrared spectroscopic data and IRSF/SIRIUS near-infrared monitoring survey data.
Early-type stars with infrared excesses
Bolatto et al. (2007) Kraemer et al. 2006 ). In the galactic cases, post-AGB stars are in general luminous (10 3 -10 4 Lˇ), and they usually have double-peak SEDs, with an optical peak of hot (MK spectral types earlier than G) central stars and an infrared peak of circumstellar dust (e.g., Szczerba et al. 2007 ). Figure 7 indicates that some of the sources are likely to have double-peaked SEDs. We calculated the bolometric luminosities for all 204 sources by using a cubic spline to interpolate the spectral energy distributions and integrate them from the shortest wavelength at which the flux is available to 24 m. We assumed a distance modulus of 18.95 mag to the SMC. For most of the sources, the calculated luminosities may be underestimated to a large extent because the fluxes longward of 24 m are not included. Therefore, the calculated 
Summary
We carried out imaging and spectroscopic observations for patchy areas in the SMC using IRC onboard AKARI. In this paper we have outlined the survey, and presented bright point source lists. The point source lists are cross-identified with the existing ground-based optical and near-infrared photometric survey catalogs, and also with the Spitzer SAGE-SMC catalog. The spectral energy distributions of a wide variety of sources were inspected, resulting in finding new candidates of dusty red giants and post-AGB stars. We also confirmed the existence of early type stars with strong infrared excesses, which were found by Bolatto et al. (2007) .
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